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(54) GaN SINGLE CRYSTAL SUBSTRATE AND 
MANUFACTURE THEREOF 

(57) Abstract: 

PROBLEM TO BE SOLVED: To form a self-support GaN 
crystal having a possible wide area on a GaAs substrate 
by laying a mask having windows distributed with equal 
spacings on the GaAs substrate, forming a GaN layer on 
the masked part, and removing the GaAs substrate. 

SOLUTION: An SiN layer is formed on a GaAs substrate, 
regularly distributed windows are bored through it, 
there are three kinds of windows: staggered dot 
window, <11-2> and <1-10> stripe windows. Using thus 
windowed SiN as a mask, a GaN buffer layer and epitaxial 
layer are formed. The GaAs substrate covered with the 
mask having periodical windows is set in an HVPE 
apparatus to deposit GaN on the substrate, thus forming 
a GaN buffer layer on the GaAs substrate, and GaN is 
epitaxially grown on the buffer layer through the 
windows, the substrate is etched off with aqua regia to 
form a crystal of GaN only, both sides are polished to 
form a GaN single crystal substrate, and this is a 
self-supporting film. 
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(57) [51*3] 

[UfcS] G a A s (111) S«05±(Cf-*S^^ 
h7-Y^*«rWrs^^^S:^«U, HVPESSfli 
MOCK J: !) ifit'G a N/^ 7 7 ri^rM L, HV 
P E£(C J: 9 i^UT'G a N:n tf* * * < »j£ 
U GaAsli^it5o G a N<E>e 
£ L-CHVPE&T J GaN$:flititUGa N V 
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[If ] 2 0mm^IS^tU 0. 0 7m 
[ 2 ] T-fc5^*r^m<!:-r5 1 

[B**4] *^>»iai-J:6IHK««:^iK«4 oon 10 

m^<b 6 0 0 nmCt)/:!) 12 0c m-H^K^^: 
£ £»»<b1-->i»#rS 1 KEftOG a N¥^ 5 a a lfc 

[»*~f 5] @t«^^7MP aHmS« 
1 fclE«<->G a Nl^lSfc 

[S*##6 ] SK©fl*¥~ia s 6 0 OmmJEUiT-fcS 

0. 5 Smm^TT^^r^^^mir-r^lf^l^lS 

[»**8] As^l0 17 icm- 3 ^Tt^ 20 
d i: £#«<b 1 iCfESWG a Ni£« B B B &K e 

1 i^ieS^ G a N 
[t**I 10] (111) GaAs g&<D±(C[ 1 1 
-2]*|fi3H-^BBI»S:ioi^rafct/[-l 10]*|pjfc:fi 
^tfy^-fnfcjS^SKSrfi'-rs^^^^fiCi 1-2] 

[- 1 1 0]#[n](;Lf*tf-> * N^r^&^-f^* 
^£~2fi£U GaN^^77l*:itt, HVPEfetCj; 
9Ga ^f->t/^S^^G a A s S^^i 30 

11] (111) GaAs *K0>±f:i[ 1 1 

- 2]*mz-femk&&^xmfiL- \ l o]*|S]fci± 

¥t°y^-r?LtiM.#<D&Z#-tZ^Xi?Xi*ll 1-2] 

[- i i o]*ifij^f#u«5^ F7-r/^^tn-7^ 

^ML, GaN^y77l^lt, HVPE&CJ; 
otGaN^xt^^yt/^I^, GaAsIM 
^ITGaNS^^lT, "t<DG a NS^0O±iCHV 
PE^aoTGa N ilSe B a x t 4 ^ y t L 40 

[0 0 0 1 ] 

(GaNl) £m*fc~g#y>f K (LE 
D) — s( jf— K (LD) ft^»fe£ft*^ffl<-> 

[0 0 0 2] 50 



2 

g a N\ztt+z»*fe&kmM&m<Dtt&m 

■to t77^ft (AI2O3) , SiC, Si, G a A 
&«<£>±f-.G a N»R* ^ftai fcT^ * -> + /HG£ft LTfE 

&*iT^fc 8 f-^r-fir (AI2O3) S««ift:*«ic 

~cj£'1?*>~5 "UWiRtt 6"*>5Y G a N £ <£"T£&& 1*6 % 
U&gteZh<D<Ds<y7Tm ; k&$L-t&Zk l <Z£ <9 G a 

^*>")^e>f-- jr r^+S*^«5 0 Ga Nfcif<-5»JR£ 

kLXm^btiZ* o*!9^:7r^<fcGaN<0«£#j 

ira«±<DGaN»LEDttrtT'g*nTV^") e i/;Ga 

[0 0 0 3] f77^f i:GaN^~-^(ift^I 

p 0 ^ix(cfeftp,Tf-7r^^S«±tc*i*-!ft/iGa 

iklZftr>X#*fe»tf*P<>< 9 k&fci.X*P<. V^fc 
M^tlXV^fc^tt^TGa N/A 1 2 0 3 «ifii£* 

So 

CD#^¥5-1 8 3 1 8 9^- 
©#^^6-2 6 0 6 8 0^- 

[0004] t ^^t^yr^^mmz^t^mm^h 

»5)fGaNLEDI«»*t*>5 a 

[0 0 0 5] L^L-^7r^^(-«it 5t>£o«««jfc 
f77^t (AI2O3) m\&tfy\cfc'& 

Tr£>6 0 -?:tlJwiO!l\ GaN/f77^tI^?rLED 

®J. J.Appl.Phys. vol. 37, Part2, No. 3B(1988) , ppL30 
9-L312 
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[0 0 0 6] \s^y*®g,{Z'fT jtzMcs i CCO J: 

S i CS.^G a NifcT-liMx.tf 
©Appl.Phys.Lett. vol. 71, No. 17 (1997) 

Wic$ST?*>!3, flsK^fcabO&SiaflW 1 5 0 otB 

±(ct*s 0 s i cs«g u\ tcfrizM 

^CliS i CfiGaN3B3t*^SS^ LXmmZtiX 

s i c/Ga N%*nmmmmx*\*mm£ftx 10 

[0 0 0 7] ^fn(ClT J t)^GaNlT-(l AS 

[0 0 0 8] *«±(CG a N£^fc a ? 

1 0 0 O^^iiCO^S^D^L/^ftiX^ 

t\, G a NteX<D^Vf*i/ + /um&J&&£tt&iU£ 
^Tif^i^^S^ico^^m^iS^icJ:^^ 20 

t, G a A s (±#J 1 . 0 8 SiCliO. 8 7 fgK tf- 

[0 0 0 9] 9flK. SffiW^)«4^3S«»^iSuM-J:5» 
1 OPpWii, G a N*R(C»jSy3^»± LG a N»R(C 

ffl&*3ttt%* »3<Z>FflSJi*#^«£Ga NltRiif 
#&^£v^ r £T-*>S. t77^ftSSi:GaN©i 
RS:«-&)!:a^«(iGaN««<!:#x.>fc^Wi>iv^ L 

**mm#0>Ga N/f"7 7 << ^rfc X 5 G a Nfg^fr^ 

[0 0 10] M^igoT^nf^ G a A s L 

GaN«f^-fr5^ 1 9 7 0¥Rl:lt» 40 
ffitiiSftfc. GaAsi:GaN^WI^M(im 

£ < *&fC»fc>ofc. G a A s !C 9 I 
< G a N^tt^^ofc, G a N^*g H H B t'^l/^^ 

^GaNStSttf^K-e^«^ofc„ ^OJIffciiliot 9 

l±JSft^S&iE*T'©Ga A s fl)A sOSS^, NH 3 
k<OBLl&<DtlMZ* ftt^Ga N3S4^iaftt?$-r. Ga 50 
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AsIKl^G a N«ft(ii5>A/«t**ra«$nXV^^ 
ofc 0 *fc»T-^»^G a A s >G a N>T^*!9iS? 
^t>X-fe5 5^ B GaN£0^Ml>f6^ Ga 
Asfll. 2 5X*foS 0 feifi5, SiCO^ 

1. 0 3»"CG a N(Cfi^ttT**>5 9 t7r^f 
t^SSHGaNOO. 8 6Bt'*5, ft^SSt* 
SiffGaAsd, GaNlC*feiS^\ GaN/GaA 

[0 0 1 1 ] *?£fc£§a&o"C^5tf>l*G a 7 

v\ ^^z-T^S^T*J:«9(£^Pf&60GaN^^g^^:a 

(DmT-fW^ilff ^^^^C - I I, vol. J 8 1 - 
C-I I, P 5 8-6 4 :nij:f77'fflK^h7 
Jzftf: (mm <^**£ott^©±KGaN£J?Rj« 

IfiI(Ctt»p|t$iXfc©^f>Ga N^IWT^ h 7^ 
7 P ^iit^t5o *4>.k h7^7 P fi!tIiao 

[0 0 12] l»ll£3g«Rtf>SI, »*£*^Mf*»«tm 
Srtt5PSt?»t-o#* t 0o fttSSW^SfiliG a N 
3. ^t^oTtG a NS«-e*)-5o Lj&»L 

a Nlttll4^ 9 

[0 0 13] ^:®l»a^**ft$-freiwiif-3 37/^=^ 

m&Zmfe-fZ- b&X'£Zo LfrLG a Nli^D^Lfc 

9, GaC'M^GaN^DLt, iR^ftEWfiftE 
?riftMLTGa -G a N»fft<t ^3 ^ <t i±T' t 6, 

Ud-L«»iE^r-t5 2gPfliifiHi^^ 0 «^ffiRi]-c*:# 
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V\ ^M^ B s B ^Kig1-6*fe^iiffiT^^l^^. 'ft 
£r-*ffl<OGaNtt*#r*-r, GaNSSijSSl* 

1. HVPEffi W K*tBJ«ftffi : Hydride Va 
por Phase Epitaxy) 

2. MOC& (#«&«*{fc;»ftttj£ftft : metal lorga 
nic chloride method) 

3. MOCVD& (^*a^MC VDS : metal lorganic 
chemical vapor deposition) 

4. 

[0015] Moc&ft h y ^fvi^y ^atmg* 

WK^-fiGa C 1 ££l$U wtli:S«Wa 
±{£GaN«R£j*ftSi*3t><orfc5 0 HBg(ci*7k* 
i££tT? 0 G a^cb LrW«&JR£^5ri>$>**# 

[0 0 16] MOCVDfeliG a NmmtiL&Wib Iti 
T MG 4 £*G a <7>*T«£JR t T >^r~T N H 3 

«««M±J&S HVPEffiliGaSSiLTA 
«GaSrffi5 9 *y h^-zt'SKJ&^KGaffl^Ktt 
Ga^ISrAnrJb^, G a tt|Hjfi^iSt^"C 3 0 "CgJL 
±r*Ga»iffKft* 0 ■tw'vKSitf;*, HCl^^ 
&{b#y ^Ga C l #r£S. GaCl 
y ^^^H 8 (cj:o-cS«^ie^iBfix, 7> 

[0 0 1 7] 
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■fSSfiliG a N#S*3SS**o8i- 5. *SGaN£« 
^wtltrfffiELfcri^fc. S£(cr#6 J: ?ftj£^g 

*>S5iT-#5G a NefiS:»8ti-5r 
£>Sia>B«rfc5„ Sy j /£^GaNM?riW^ 

OG a NS«£S0fc-f- 5*#;«5W©S 3 <7> @ ftr*>' 
6 0 f£ L*«*#i- J: oT (i. jK«JE£>*i^As;6SGa 

5 0 G a N*«fi^ h Sr»SLin!r»< W»ft 

io 6 ~ £ t c «t o r m&?> ^i^itr 6 

[00X8] 

[MM*nm-tZ>£ifr<D^m GaAs (m)*8 

&&WL<D±\C [1 1-2] jjfa\£l$WlffiX-&Xfi C-l 1 

it. -7^^0i^t:i^GaN/<777i^I 
ov^i&f:LTGaNl^77rlOJ:i:-r 
* ^ © ± fd H V P E m I C «fc o r i ^ * -Y / V j& ft £ 
■fr. GaAs l^lr^^ ITG a N^all^^iit 

M 0 a B IlS^i^HT, ^CtOiCGaNxt' 
^^yt^i^KffMLX, '>4<tbl0mm^» 
^ttaGaN^fy^7hi:l, rft£g}t$rJ&VM±§f 
FILt»GaNMi:t^ 'ft^^f^Ga N 
S*<0»5g*ftr*fe5. G a A sS«(i3E7kr3iy^V 
/t^l i:tcj:or»*r#5o £of-Ga N<o^©(i 
S«Lr¥?tic-f-*. r<oj:5(ci»jg|^R5tirter-fe-5 

30 [0019] *mW(DG a N^O**©^** 

*IBWrttGa NSfi^iESti i >^ 
±. #£L<(*2^:/^M£LL<i:t-£ 0 LED* if ©16 

ft^^xmwfwtea^ hr^it-r^/c^tc^G a ns 

^ftr 2 Omm^^i^ L < l± 1 
^O'f (25mm) £A±, £ fcKfrS L < 2 ^ >^ 
±it"S^r*>-5o ™^^GaAsSW^(t 
ft * ffi«0> G a N m& SrSfigr £ 5 . 
[0 0 2 0] Ga NStROJSWiSSC-et^^Ky >^ 

40 tCliSO/im-lmmflg^j;!/^ lmm^iit^ 
5 ^^x^- g *<Z>ffifc#Bi < ft o 

[0 0 2 1 ] HVPEft^if^Oll KSfOTRfi-K 
££*l/j^J:5f--f£fc#r-fe5. M^GaNC^^ 

ft/^i ^> e> l « t \ mm\^ J: otW^ 

y ir£ Lr^D^^m^-^S^Ttf r <!: t 

50 i^ft^> 0 -M^^mMCOG a N ^^^-^X^<D±{Z^6< 
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frbM&LtiA $%y<DmA\z£v arcs' 

7 7l^G a A sl^Pj^A s ^?r^<WG a 

l7 icm- 3 ^TT^^), AsWtW^GaN© 
'3Sa"ttj5 s lLrt5 0 T~E D £ i^fcW^ixA s 3>*H£-£#lt: 

[0 0 2 2] 

mw<Dnm<DMm] *&w<dg a nksskg a a s s 

*»{fC»*i-Sr *KIWlLfc.fc5icG 
a A s 1 9 7 0 ^ftlC«A/td^ bfl- R\*SL& 

^ £ 4 o "C flx 9 ±(f 6 ? 7 -r 7 /H*ftfe t </ ^9 *r 

3o :Jxiil^i^f5-7^^ (; iotG a a s S 

ffi£Lfc.«tf>e>G a NT 
&X^5o ^WlfcI^^G a A s 1 

4£±OG a N«raHW*S**>5 L 6 
(«fK¥ 10-078333^-) o 

[0 0 2 3] GaNllA^ B ||-(:fc5o (0 0 0 l) ffi 

(loo)^(no) ®ii3iE]M^^^fc^v\ ^ 

rtGaAs (111) Ai3t^|j:BI?rS|j>Ltffl 

A®ir^9O(±Ga^^ggtfiLTV^6@T-^^ 0 B tH 

[0 0 2 4] H3{i7X7VU^^(^^p-e^^C0— §15^ 
-^*^f*aSfcliG a NaSft^ft^J: 5*S i 3 

ftlOOnmtW, *MPH(-*Sr*r1-5^^^Tfe 

t\ szmmmxhZo [1 1-2] ^ic?^^lt 

^ a fflffiZLtTZo ^rix<bia:S1-6 [-110]* 
£d£ih6 0 #£L< ted = 3 1/2 L/2 o£ 
SZZ2 jum£>lE#»<b U SfcJVf-L £ 6 /z m, 

£^fb/&fi lf:G a N*s^{c*|fL^ft-r5 J: 

kGa N£f£S£i±*6 ~ <h(4-C££ 0 ^h7^^ttO« 
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[0 0 2 5] «ttt<^**8UCG a N£ia«$-&S 
^f^^Sftffittofoi^jltft^o, ^ i: G 
a N^a»(C(ife^L*^3&^T16^G a A s tSHKG 
a N^»^-t-50(±*0«^itT?fe-5, MOGaN 
fifc*<0»£^l*, /<y77ilt\ »#<<0«£/£;&Sfc 

^iLbftz, &&mm&m^t>mtzx'f&&m. mm* 

[0 0 2 6] ^ ^Olt^fCliG a A s Si^^C 

H8^«S:PiBttS«t5^r5 0 ^ ttttt&ia 6 (1) fcBfr 

[0 0 2 7] ^O^itK^i£^4 5 0°C-5 0 0tg« 
T\ HVPEtetaottl 0 nm— 1 0 0 nmSStO 
i^GaN/<777lS:fSt5. ^ * «t <9 S^rt* 
fc, ^!/7T«(±*l*3l-EaLT#aEi-S<, IS 6 (2) 

30 [ 0 0 2 8 ] 8 0 0^- 1 0 5 0°Cm^<Dm^ It, 
HVPEftTGaNxt^^v't/l'ieMt^, Z<D 

r*i3&s|g6 (3) <D#tmxhZ> 0 ±.&<DJzi/£f8.& 

*> S o i: r 5 * (4 W» U * tt n 4 ib * 
[0 0 2 9] $ iotG a A s 

>?m£i-z 0 ^x?<Dmftntym^£^xm<o m6 

(4) <D#tmzt£& 0 Zft,\$lft(DGa N|^ a e aT^^ 3 
S^T-^ 1 ? git UT^5« ltiC<D$=f>-tzrt&fEZ<D 

[0 0 3 0] £b\zm&<D$^-$:m&Lfz^<DXfo 
50 tiff, wtoSSSraSSi: LT. $ bt-^ t 9 ^ 
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f£S£^£ 0 0 7(±rix^i-o 17 CD (iGaNl 

&<^±iCHVP E&fCioT^ !;:!?< G a N£^fc 0 ^ 

^-{C^)(9ttiLT^<o 0 7 (2) tt-iX^-fo 7X 
*y h^^-SrW*LTI2 7 (3) OipCgra 

«G i 'N"7 = ^-^gr^ 8 - - <nm<&: A sl±G a-Nfe- * 

[0 0 3 1] ^^{Cio^T^b'^^fv/^yu^^ffiV^ 10 

Kli&«G a *riR*LT*5< 0 Rj£j&M£^*> t - ^ 2 
(Cj:oTA0»£;ftGalKtt6f£*5 0 HCldSGajBfS 
Ga+HCl-GaCU^j 
jR/tiSg- ^mtjiy !)AG a C 1 /^T-t £ e rcOGa 

KS^(-*A$tl6o GaClirNH 3 f:i:!), Ga 
C 1 +NH 3 ^GaNOSM:5 a 
[0 0 3 2] -tlr-?* ivt*/*y h 8 <£ o T[Hj$5#f!£ 

gst-Kit^n*. f-t^ 7^±(ciiGa a s s«9 

^*3&>&««KJ£Lfc£l«&Ga N^S^±icftlrf 
Oo i^lii^tl]D10^f)itfi^n^ o HVPE 
&(iGaM^ratUT^3 0 -eUTG a C 1 £*RH 30 

[0 0 3 3] i t 9 ^ ^i/ir^dtSfUKfi-SrSlff Lfctt 
titffcfcfrl^G a £*g-trftfc£^) &<Dtt#V\, G a 
S«i3 or^±-C«*"Cfc*. titers fcaMTttt& 
I^?(7)^MOC^ MOCVDi£t'$)6o **ICI± 

7lAUTL$3 0 HVPE&llGa«lT»f: 
U HC 1 ir£/££-£G a C 1 td-f £ 0 flHfr/j?7k3B5^^ 

>fcv^6«*^5p«»i: LT»£*[c:A6fct\ £^5 40 

[0 0 3 4 ] «^t:J;ot^f)ntGaNm B Bl^ 

ii. yvF-m5^n§!T^o 1 

%te&^tzLtz 0 HVPEffi^^<7?»iR»JE**IWi--5 
I^Ciot^rty lXl0 16 cm- 3 -l 

8 0 0 cm 2 / V s 0|g|a(lH38"C ! f £<> ttffiSifl 1 X 50 
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1 0" 4 fl cm- 1 x l 0Q c mOiir^Ji^t'i) 
-5, ^tytiS(j:5xiO l7 cm-3-10 19 c 
m- 3 <0«EH/SS3* L< , tfcfigttt 5 X 1 0" 2 Q cm 

[0 0 3 5] r 0 l,Xftbfttz.G a N£ffifigE*ifc«r» 

S«oaWfle(iUmbert-BeerSlJ(C«fc 9 IS^^ix^CQ^T' 
I — loexp (—ax) 

w :n? I oliAltTfeco^S. I li«»J#oBU£. a ii« 

T»?>iXfeG a NStRO!ftiR«ftli, 4 0 0 nm-6 0 
0nm(CfotoTfi<, G a Ng&fS'tLib O 3fc 
^L»5^aWff«rWLr^5, ^I^iil/cGaN 

^>*S*-C!ajR«»3d5 12 0c m- l ^T<^t><OSrSa 
(::»£>::£: $ b(C"RiR{R»!6S8 0 c m"^ 

iR«*as/h £ ttixtf'h £ m <fc v \ .#9 ; 89 ; #9 ; #9 ; ft 

9; L^L^^b^nfc'tt-ett^F+^-efcSo 

[0 0 3 6 ] WLfcG a A s mfo(D±tZG a N^^Jc^ 

mmgt&mofrb, »uTzz.t\z£oxm&mteZo 

m 9 <OX 0 ICG a N/G a A s G a NJC 

(l^^^^UX^^o GaAsC't)^^^^ 

[0 0 3 7] t Ut)fR^fc*(tfc*<t-rS<t, GaAs^ 

?i:GaNfififii^^^6o HffiC^^fea.!:-?: 
GaAsSMt^tt^GaNf: 

ae-r*jft*ja s *>5o ^^fc^icigii icoj: ^i;Ga n 

i^^tfo r<0SI5ttGa As «btt^BH««w*ffii:« 
[0 0 3 8] 1 9 7 0^ftCGaAsli±!:GaN?r 



(7) 



^2 0 0 0- 1 2 9 0 0 (P 2 0 0 0 
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[0 0 3 9] ^ii^v^tfe^\ ■^(i-*3<C-(CiS-b^^ 
[0 0 4 0] SI 1 2fcE!JOffi!;£ffifc*VM*£SftWE 
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[0 0 4 1 ] K9l**=^-^fttf s 9^ft^5*tMift 
HfcS^fi. £ = 8 H/D 2 iaomfT^ £ 0 Dli 
5 0 mmt'fc^o 

-[ 0 0 4 2-] -S-*? ^fc-iift^i: W5- t> W*#Sl£3i-n^ 

[0 0 4 3] RfidSft^fiT-MtftS^rtafi:*** 

[0 0 4 4] 

1*1] 



Eb 2 6 



<T = 



3(1 -v)rd 



[0 0 4 5] iliot^^b^, a El± 

= 5 0mm«!:l/:l^(t ±tf>3£<8t? 6 = HCiySfc*o 
rtLiiWW^rt«fBJCy3«:«^^6lfll"rS S t o n e y 

d = bi: It, 
[0 0 4 6 ] 

[ft 2] 30 



cr = 



3(1 - v)I 



[0 0 4 7] :^i:J:ot, m&5 frb o 

a NSJgfCO^TIi, g^_h— (7^X/<-f ^^air ^(7)^ 

[0 0 4 8 ] t^^<Dm${££'iX&%ti:W&&t>Z<0 

1. A^^gR 6 0 Omm^i: 1 . 6 7X1 

0- J mm-'W7) 50 



2. SOH (SOmmlit) 0. 5 5mm^T 

3. rtflSJC/ja 7MPa^T 
[0 0 4 9] *«W#dS!?3i^^SRUfc*# 

(3\ R ^ 6 0 0 mm. H^0. 5 5 mm. a ^ 7 MP a 
XhZ a Sblcrt«Jt;fcli3MPat>fc££J:!?#£L 
7 5 0 mm^±t^5 i $ f>i:^t\ 
[0 0 5 0] W^CfcPt, 1&COG a Ng&£§git 

^it-f^^^^^ ITV^o *-0>»&fiff^£ 1 0 * 
[0 0 5 1 ] 

immm] [ISJKCTl (HVPEft777/^Si:i5 
G a NJftgH 1 tfc05f^») ] G a A s (ill) A£fi 
SrKJC^Srti-SailL^o SWX|j:3 0mmM 
mmmtLf^ &J£ CVDllt'GaAsS 
«Jt(-, S i 3 N 4 ji£:/¥£ 0. 1 m mtcfc* J; ? \z& 

3(^1-=^* K*y hSS£* < 1 1 - 2 >* 
<1-10>^F 7^i^)3lt'$)^ 

1. ^AKy h»-ia3-5(C^1- < t G a A s < 

ii-2 >(c5ptf^ili»±^^o s B»i-5«WASii£^y 

f"f*lT^5o d=3. 5/im, L = 4 ^ m 3 

2. < 1 l-2>* h7^^g-< 1 l-2>*|6)f-¥ 
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Mm, PplPl2Mm, t'-;f4/im 0 

3. <l-10>^F7-f^-<ll-2>»f 

[0 0 5 2] ~£>Jt 5**g£IH*tfcS i 3 N 4 £r-^^ 

■fiES ^-izro-o - - - - _ 

(1) Ga N'<y7TSV>J&f8, 
mm^^^-Th^ X&t>tltl G a A si 10 

t:?|^tG a A s 5 0 0tt:WLfc o 

GajS^8 5 Ot^iiCftllftLGaiBJKiri-S, 

#X£Ga«iC*#, ^fk^y ^AGaC 1 L 

3©^srlAL, 5 o ot:jcAniRsnfeS«aff 

t'GaCl +NH 3 -G a N0>ixJS£rSw $-£G a A s 

G a N 3, mtaoTGaAsl 

W:|]70nm^GaN/<777iWt^ Si 20 
3 N 4 liGa Nj£g«llMtfU?§j&SS>!3 Si 3 N 4 -77^(0 
±lCf*Ga Nlil£ttLfcV\, ^y7r| ( 7 0 n m) I* 
(lOOnm) £K>m^\ ^HS^GaAsO 
«»fcf(t(CG a N^y 7rSWt5. 
[0 0 5 3] (2) GaNxt^^rv'f/Ui^M 

hc i (Dmxz&itLtz* Sffii&ft£5 o ota^m 

0 0 0ti"?±lf fc„ St/HC 1 ^GafgfZftitTgA 

<fcoT»fc:#y !)AG a C 1 £2lS-t-*o 
!/ Itinti^iO^Ga C 1 teTJu^k fed St 30 
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i£{£T-©£LG a N^T'#5 0 m^^^^y^z 

m<D± t ,z^t°?*i<>v/i'$Lg:-i'z> 0 (ioo 

nm) €rj8x.5<t-^^^(7)±lCGa NiSa^EAN^^* 
{C/r^oTtf< „ fcfcX^*?£ffiri*G a N-eJBfoiX* 
Ga N^ H a B ii^glT^5 a 0 4. ®5(i^ 

otG a utemmm^bJZ&^xztz&ikbTmzui'f 
&gki*mm<mMi~tz> 0 Ga N&&mt>iTA?<o±.m& 
< o jssaartt 5 0 m ra/Htfc5 B 1^100^ m^n 

[0054] (3) GaAs m&<D&£ 

r»10fifli!li^y^Lt, GaAslW^iCi 
*$^fc e Ga NfcttO^stC^o^ ffiWIlT 

d = 3. 5 ju m) a t&ft2fi< 1 1 - 2 >^ h 7^^ 
x?Xfo£ 0 SW3li< 1 - 1 0 h7^^^-e 

[0 0 5 5] 





"7^ ^ fi 


cm" 3 






Kff 1 




3 x l 0 1 6 


2 0 0 


8.3 x 1 o _3 




* h ^ >r ^ 


6 x 1 0 18 


1 5 0 


6 x l 0" 3 


5**43 


^ h 5 -f ^ 


1 x i 0 19 


1 2 0 


3.5 x i 0 " 3 



[0 0 5 6] / y K-^ffc5iinfi©«f fill 

S 0 ft* 4 0 0 n m~ 6 0 0 n m-tWftlRfiMRli, 4 0 
cm" 1 — 8 0 cm-iT'fco^ A s COIi^lk&ffl^ 
tzkZZ* 9X10 l6 cm- 3 T*fcof; 0 

[0 0 5 7 ] [H^fiftj2 (HVPE7T7/«GaN 
USA, HVPEffiGaNBftlt) ] 2>fyfi<^)Ga 
As (111) AS^S^dr Ufco ^^±iCS i 0 2 <D 
$&mm%Bf&Ltz 0 7* by yy77jtZ£^xm3<D 
X 0 t£&*:Wmt*-, 50 



(1) G a N/^;77i« 

[0 0 5 8] -7^^?rtt5GaAsffi?rHVPE^ 
BfiSBLfc. @8 03Sg*:ttpd^ Gafg5f±800 
ricanJ&Lfco /Rfl-^^LTtt, H 2 + HCl^Ga 

Ot (S^r^) tf>ffiil(£*S^-C, GaN/<y77lS: 
JfMLfc. /<y77lSW8 0nm-Cfc5, 

(2) ^t^*^*/U«<£>»j8 
oi^-C£«fa»£ 1 0 0 0 0 Ci^±if^ o I^UIBW^^* 
f£oT. GaNxt^^yt^iSO^mML/:, 

(3) GaAs <7)[&£ 

Ga N/Ga A s S«SrH V P ES@^?>fl<9 fc* Lfc 0 

^®«{cg a ummmt'^^nx^^ z t ^stis l 
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[0 0 5 9] (4) G a N^ff^lt 

rn«r+»{ca^Lfc e lae (4) <D£ot£&m^£ 

■try h Lfc. S«ifil££ 1 0 2 CCt LT. HVPES 
jrioTGa N£fff+tt LGa N<D4>^y h&'&tz, 

m7 (i) (r^i-««-e&-5. w0Mv=*s> hii**« 

^55 mm^ >*=f y hT'&ofco 
[0 0 6 0] (5) xrJ-V—KXZirx-s^-tomytti 
L 

^iPjf-SJflfcXrtio (2) «^i-<t 5T?*>5. 

0mm v 5 0 m rnOOG a NViS£Sfi2 Oft 

£f#fc 0 Ga N«r^WLfc<tr5. As, g3§R«tfcK>< 

[0061] ( 6 ) wm 

[0 0 6 2] ( 7 ) «««#tt^iais: 

0 18 cm"3^of: 0 «^»M*t*2 0 0 cm 2 / 
V s -efeo fc„ itSftliO. 0 1 7 Q c m-Cfcofc. 
[0 0 6 3] >=fy h^Tffi (ScftlOffi^^) a>*>St 

"C** y ir»«ttl 0 18 cm-3. 5 
0cm 2 /Vst'feot 0 It»i0. OlQcmt'fc 30 

[0 0 6 4 ] (8) *»lRa>jMj£ 

I4 0 0 n m- 6 0 0 n m\Z&\f 5»lRW*f± 2 0cm 
" L -4 0 c m-^&ofc. 

(9) LEDtfJfKK 
G a NSS^f#fc©f, ^<£>±{C I n G a N£|8*;» 
tt5LED!r*BLfc 0 t£*o^;7 7^1rS«<Dfc0> 

ft±L7b2I&fi, *sffi*>S'>l;:J:6 0 VLteWyrJ-T 

GaNft«(0*|EW^LEDI4ir5atsfi^*S< 

[0 0 6 5] [SJS6W3 (MOC777/HS*GaNl 
^ H B a, HVPEGa Nfftftf) ] GaAs (lll)B 
ffi«:I«i Ltffl^fc. S i 02*S««cM-(t7^ h y 

y^77^iaoT [i-io] ^fti-sio^* 

[0 0 6 6] (1) GaN^y77lOM 50 
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*«&JR*flS«mfBiSfife (MOC&) CJ:ot^4 9 
Ot:o(S*a"C3E4E±5C 9 0 nm(Om^<DG a N/<y77 

[0 0 6 7] (2) GaN^t^^r^t^M 
lUDSBKfc^T, 9 7 0=tiC±{fT. G 

a N^t'^v^/Ug £2 5 * m<OJ» Lfc, 
(3) GaAsSWi 
- MOCtl^bG'a N/G-a-A-s^^©^ rf Lfc. * " 

G a N<£> [1 1-20] *rfiJ"e*>ofc 0 o£ V) 
GaAsO [1-10] ^ftlCG a N<D [ 1 1-20] 

[0 0 6 8] (4) GaN^CTMf 
2 5MmI^GaN^ a e H i:tt, HVPEgtC 
t'/Kt. lOOOtCWlHVPE^iaotG 
a Ntrff^tf^v^/UjSftS^fc. R K 

[0 0 6 9] (5) ^73*7^ 1f-iCj;£?ai^-#J 
0 0 ju mOff^CgJOiilLfco 2 5ft©7^yh!?i 

[0070] ( 6 ) mm 

(7) m>fxm$L<Dmj£ 

#I*l£i*2 5 0 cm 2 /VsVh^fz 0 tblgStli 0 . 0 
5 Q c mT*&o£: 0 

[0 0 7 1 ] roHft«-e(iGaNgflcS:«g*i:U 
T, G a N#»aSrli:<fi!£ft$itT^5o m^W£ikG 

3MC2 5ttfc^)S«^ff«T-#5 0 Rif^M*. 1ft 
lftGa As^(b/&^£it5^fCit££LT6 4 %fd{g; 

*fc 1 ftSfc 9 ^BiS^IS! < S«t#fco G a N 

ZftVtLtztZZQtm (As) , mm (C) ifct^s/ 

[0 0 7 2] ^^^^^(iIE^^0OII^^fc6^iC 

7^J:W777/^l!:J:oT, » 

H B B f^^jS^r^^ii^^^^^f£^^ix6^(CG a A 
s tG a N<0»ttE«^«i9rtSf|jjj:yj^jRftj T ^5 8 fc 

[0 0 7 3] [Hjfifi0ij4 G&^it^^y^n * 

rtffij£*j<z>im«) ] [i-ioo] ^ f^/tx^, 

[1 1-2] * h^^v^^, b'y £rf£t^H 
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H 2 + NH 3 >H 2 + HClt^^ 0 
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[0 0 7 4 ) 
0*2] 



^7 * n >?-i:s^cDea« 





-<*cy 


B&fffl 

(*»)■ 


G a »BE 


N H 

.<k?a)_ _ _ 


12® 


aw 




<MPQ) 


-f 


1030 


180 


1 


4 




35 


54 


26 


a 


1030 


180 


1 


6 




40 


58 


28 




970 


180 


2 


6 




120 


1000 


4 




970 


180 


1 


6 




60 


225 


11 




970 


180 


1 


€ 




40 


61 


26 




1020 


240 


2 


6 




300 , 


10417 


1 .2 




1020 


240 


2 


6 




120 


167 


29 


> 


1030 


240 


1 


6 




70 


125 


23 


y 


970 


360 


2 


6 




200 


I486 


5.4 




970 


180 


2 


12 


in 


200 


1359 


5.9 




970 


180 


2 


24 




200 


2604 


3.1 



[0 0 7 5] Ztlb<D?h, -f\ ~, K ?\ 

(A) Ga^EEitl kPa (1 0 ' 2 a t m) T'fc5 0 9 
1 0 3 01C"CSP>(C3^fISBG a N*J*g**fc 0 

^f+4B#r«i^^t°^^v'r/u^r^^ 0 [Mi 3 tee a 
3 0 Hi 3{c*5^r««rtR/?: (Mm) -04>s. JJIWi 

5 ^ 1 2 0 ju mfC^ LT^i, »*fcti:rtS5JS* 
(GPa) -Cfo^o 00»fl-liF*9$BJ£^3^2MPa'-4 30 
OMPaT-£>£ 0 i^A^tf* 1 0MP a J: t>**^rt« 
JEEtfj£S1-5. l^L«M7MPa^T (7X1 
0" 3 GP a) LV\ 

(B) G a ftJElt 2kPat'J)6 0 9 7 0tTv<y77 

■frfco KSoftliiOBt'*$, ii3i;^]i:J:3i-T 

1\ Rff (i 70aih-3 0 0/i m<^fflH»*i-5 0 G a 
NH»(D^ffi(±av\ Rmaxfj:^2 0^mt^6o-G 
a N£«-+tel42 Ommx 2 0mm-e*><5o 

ot^tiJI^lMPa^l OMPat'fcS, g^fi7 

mp a^Tr'^>5^^rtt^^7tl-w<b^-c-#-5 a 

3 0 0 ym) ^fcSo S^ft$MRItR= 7 8 0m 
m~- 1 5 0 0 mmt'fc6„ 
[0 0 7 6] [3l5£#J5 (ft*¥@tf>H«) ] WMtlSJ 
i: (A) (OKfl-ettt, (B) 5tt©K#SHC0^-CRff 

Sr»«ffiUfc B HIl 4 {c^&j^^-f e tigtftttjKff U 



(A) 9 7 0^ lB#r«1+ 1 0 3 Or 3«FlBJJ*ft£>it»A 

@fi2 0 0mmUXTT-fe5 o ft^^I^ Ll^ffiHtt 
6 0 0mm^iT^6o 6iO^±t^l«l:iU 

(B) 9 7 0t;6^fiJcgO^B^m^W<, ^® 
«)-C/hS<"CS9i s ±f V\ 1 9 7 0¥^GaAsI 

[0077] mmme mm) ] w»Att9F«(-*» 

Lfco M,nB(Doh. KVl 5 0 Mm, rt«^4MP 
a, ft$^1 0 3 0mm, Rma x2 0/imOWH: 
OV^T^L/-' 0 Qim^X <9 8 0 // mCl^o7t 0 

XjlEiJliRmax7. 2 n nu Ra2nmi:8'>L 

[H^^J7 (^^F^^&j£^G9^7jtt) ] ^F7Y 

^ Srftffl Lt G a NfiSft Lfc»^t , 
?&&m LTG a Nj«ftLfc»*<0rt«J6^£JtRL 
fc 0 Hi 5 tc^tfc^li, £rt«JS;ft<oM««:^ 
t^77TfcS 0 GaAs^XAK;, < 1 - 1 0 >7? 

Z\±'<7y*t*hz<D^-h%¥-mt\*izhv>) 120 

MmCDG a N£j£g£-£fck<7), SlftW 1 <!: |5J««0 K y 

1 X 1 0 ~ 2 a tm (lkPa) % NH 3 »E0. 
2 4 a t m (2 4 k Pa) , j£&fl$fS] 9 7 Ot:, J5R*B# 
r«l2 4 0^t*fc^ 9 fifcft^S* ftSHTGaAsS** 
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GaN6£R> LGa NOrt«l£^£XjtftiC 

0 ff * 5 . 1 1 5 <Dj?VLi*G a N&f B \E\ HI 1 Z 
£>5 a GaAs(O<l-10>ij:Ga N<£>< 11-20 
>fC, G a A s <D< 1 1 - 2 >f±, G a N<7>< 1-10 
0>{Zftfci- £ c G a NO< 1 l-20>t<l-10 

[0 0 7 8 ] 

9Etf>£tt#4>*v\ R*Sr«t?^^i£|:J:oTGaN 

3ta$iiSJb^5 9 'GaNLED, GaN T LD^^i 

[ll] GaN^ H B B ^f^6fc^lITOi:Ga 
^77, 

[12] 1 7 f M±fCG a Nx t7 ^r'>t^I 

jW^fM" 5 Z <t ^Tt^7 7 e 
[13] fliM^^HGaAs (111) A© 

[14] ^^^S^bBILfc«»l:GaN/<y77J| 
Sri * i'* /HSft S*fc:Rli<a¥ffiia. 
[15] GaN^X^ /^777lC0±IC^bfCxf 

fi^-f^ralo 

[16] G a A s SgOiK-e* ^ SrHcitTG a y 
^7^, GaNxt^Jry^i^I^, G a A s 

sfi^^^m^rsis^-risia, (i) i± 

G a A s (111) S«±^-^^^Sr^jaUfcXg(0 
[19] 
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1 0 (2) (i-^^^jwioratotirv^v^ffls^f^?; 
7rBarJ53c«S-l±-fcia^ia 0 (3) Ii/<y7ri, 
^^^±{CG a N^tf^^ + ^S^jSfiS-tirfclgO 
1 0 (4) liGa AsS««rftiLGaN^I4Ri:4 

[17] GaNi^itC^iCGa N£/*< fi£ft 

'iss^'-f ar ( i r i* g a "NsstwifwtrLfcG a n 
4>^yh<nm 0 (2) n-j ^^y hzftmji*?^^ 

(3) *±«9ai*ixfc?^oig 0 

[18] HVPEj£ttOjW»WrEia o 

[19] GaAsl^iCGaN^f^fcMl 

[110] feLtrttt^^O-CfciX^ GaAs£|& 
* Lfc»<E>G a NI±¥t&tw*S - <h £r^hM8fffi!<> 

[111] fcLfcGa Ngfr^4^rt<f|5JS^dS#S£i- 
fcfcbtfG a A s lriiUtt)^lW^5^i:^t 
#r®l 0 

20 [112] GaN^x/^!)^i^Tm 5 0m 

[113] ^^Ii$r (A) 1 8 0 0 s c c m-9 0 0 
sccm©-Sli (B) 9 0 0 s c c mCQ— l£(ro^ 

[114] |^i:AW«» (3 0tt) tBSSW (9ft) 

30 [1 1 5 ] * h ~7-?*9 t K-7 

1 RJEt^ 

2 fc 

3 W^ilAP 

4 IS^^iAP 

5 Ga7§ 

6 G a MW. 

7 iHrT'* 
40 8 \y^y V 

9 GaAsg^fciiGaNM 

1 0 #**fcljQ 



[110] 



Ca K 



GaN 
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[1^ 1 5 ] 



(MP*) « 0 4 7 * n J? — £ rtfttfTJ 
100 



2? 



10 



0.1 
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—T 1 1 1 " 
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